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K:=^fc7cR«±# -y ^^^JKO^^r^-r. N = 2 OK 

s?>^ • ^-x;uco*^. e*£iagT c «t c ~2. 3t- 

— 7j, N=6» N= 1 2T«T C ~ 1 . 1 £&o 
T^-5. EI3(r. jE^S^^KD^mSr^To 



(8) 
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^X^TteT,. ~1. 0. IE 2 0 ffi^^T'ttT,. ~ 

0. 7^01^5. 

[0 0 7 8] £T, ^.-ATfDm^mhOo Z\<Dt£, 
1 0 0 0 llM" (ball) KiEBLfc&co^ffll^ 

fc. S4lCH^7Cl^Ji^^^ : E:5 :J ;i/CD^m^T<, N = 
2C9-f^>y • ^ExJKD^TfiT,. ~4. 2T&-5. 
N=6. N=12T1t T c ~2. 1 £&oT^ 

^u-e«T c ~ 1 . 6, IE 2 0Bte ; Ex->l'-e«:T c ~ 

1. 5<h&^>T<^-2>,> 

[0 0 7 9] 7 7^;Wt&S±K:fctt3Xfcf 

• tr^C^SJSt. ®7lC«N=6, 08K(;£N = 
1 2(D#^ , y^;HClBbT^*^^T<. i9t 
«IE 8 Sffc^-r JPOiiSm^ 0 1 0 T«jE 2 0 Mft^x 

0. 0. 4. 0. 8, 1. 2. 1. 6, 2tLX$>K), 

T?t< £ 3. 06©«-g\ a=0^Ga=2CD 

^t»c*tu T c ~4. 1^£>T C ~ 1 . OCD^ft^JL 
emvss. mwrn^. a=0f)^<ba=2<D^t\zn 
U T c ~2. 1?&^T C ~0. 4<Dmk&&*>ftT^ 
So ^©J®-^ a = 0^G>a = 2<DmtlZ$jV. T c 
~2^e»T c ~o. 5©^ft;^me.taTii-5o i9ffli 
£\ a=0^?>a=2 b fC*t U T c ~1. 6fr£ 
T c ~0. 5<Dmk&&*>tLT^Z>. mi0<Dm&. a 
= 0*^a = 2Offtl:*tL> T c ~1. 3^<=>T C ~ 
0. 3<7)^{t;**jl,<=>ftT^-5>o ^-ftKDm^h. a<Dfg 

r p = (m.p. *2.p» 13*) ^ r n 

[0 0 8 7] jfcjEU p=l, 2, • • •, n+l£# 

[0 0 8 8] 
(lU 4] 

{cp.cj} = <5 P> , 

[0 0 9 1] ^figOjiOo 'CT, £©m^0vns;u 

[0 0 9 2] 
[&1 6] 



[0 0 8 0] £tz, 7?7$)VJK : jt1fi2. 5<fc«9;*;#te 
[0 0 8 1] dWjgloHJSf^lCcfcS&i&tt?^^ 

tut)*,* mi nz^k-r^o\z, 

jMHKflt (stm) Tfflv^nstf 3^ffl^tcn?.o 
m^KDmm^y^^^^mznmm^it^. 10 

[0082] #.\z. z.<D5m(Dm.2<D3mmmz-o^-z 
mwtz. z\<D%2(DmmMWuz&^Tiz> esmiw 

)im-ste<Dmmiz-o^Tmw-?2>. 

[0 0 8 3] 7 57?)ltg&mt, WT©J:5(CLT. 
[0 0 8 4] (1) ^^JUO^fifc 

77^^;k^^«^i©**s^«i© (i) tmmizi, 

XftOo a=0, 1. 2tU n=1 0 0 0 0©757 

?)ii&&$ : ft-oTm£>ntz®vi7 7 75>)i'&mi 2. m 

1 3 43 Jctfla 1 4 iC^T. 0 1 2 it a = 0 , I13»a 
= 1, 01 4«a=2©*&tCffl=i1-S. «>Sr&a»;:o 

tr»T. i&ffi->5 iU--> a >tc±Df#^nyc7 ^ i7 ^ ;i/ 

[0 0 8 5] (2) 

(1) T°fem£tltz7 7 7 5>)]s±lZ-%L?<DmT%ZjZ. 

[0 0 8 6] 
[&1 3] 



(14) 

[0089] ^e-rs. fc-t^A,. s^&is^ 

[0 0 9 0] 
[&1 5] 



(15) 

H 

[0 0 9 3] it 
[0 0 9 4] 
mi 7] 



(9) 
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(16) 



[0 0 9 5] ££1 



P,q 



[0 0 9 6] 
[ftl 8] 

exp(i'0 p> ,) when |r p - r,| = 1 
othwise 



[0097] zmm-fz. 

[0 0 9 8] 



P,q 



— »q.P» 



0 < 0 Pi , < 2nr 



[0099] zffitzT7>yAti.m®.T-ab2>. &mm& 



[0 10 4] T'&Z, fcfc'U m=0, 1 , 2, • • 



n 



[0105] n + 1 fflOffptWfc £ m ^©S 

W > = «J> - 

[0 1 0 7] fciEU j=l, 2, 

1 



n 



i=i 



[0 10 9] &m<<\ «rbv»qsffi 

[0 110] 

e 0 = 0 



(17) 



mi 9i 



(18) 



.tott^nft^. r=o©*^ ^>yAj&«©#?£ 

[0 10 0] A5JI/ h^7> 
[0 10 1] 
[ft 2 0] 

// 

[0102] OifI*M-* £ m . h;i/£ 
I m> £W<£. 
[0 10 3] 
[ft 2 1] 



(19) 



£9. 
[0 10 6] 
[ft2 2] 



[0 10 8] 
[ft2 3] 



[ft2 4] 



(20) 
(21) 



(22) 
(23) 



[oiii] -v^-r&o ccx% 

[0 112] 



[0 113] 
tates)tt 



^©ttffi&S (the density of s 



[ft 2 5] 



[0 114] 
[ft 2 6] 



(24) 



(10) 
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[0 115] T^S^n, ^(Dmtt (the staircase fu 
net ion) 



A(e) = f drj p{n) 



[0 117] £rftffT£o tt^n^staircase function 
unfolding t^3«f^Sffl^SClt»C<kO, 

iSSS*ffilffllfflBS»*P (s) t, ^y>t^-^OA 
3 «5fl«fMrr*. ((37)L.E.Reichl, The t 

ransition to chaosiin conservative classical syste 
msrquantum mani festat ions (Springer, New York, 1992) 
(38)F.Haake, Quantum Signatures of chaos, (Springer- 



A 3 (n) = i 



(25) 



[0 116] 
[ft 2 7] 



(26) 



Ver lag, 1990) £5 IC. ClftS©ltttr**fflH* 

[0 118] i»J«fl*©*^. «ifi»ip^raMfiR^P 

(s) tA 3 #cff-»3Poisson ffiH<Db(D 
[0 119] 
[§&2 8] 

(27) 
(28) 



[0 12 0] fcfcO, 



^*GOe(3) = 



[0 12 1] 
[»2 9] 



log(2irn) + 7 - y - 7 I + °(**:*), 



(29) 
(30) 



[0 12 2] £ts.Z>. Z.Z.X. rtt^-f 
5.116 *S J:tf El 1 7 K r = 0 T©»^*«i#cir£* 
To onbm / PLTft<\Z'i£^. Poisson »**»6GOE 

OE^TW«#tt6n*. P (s) ©s~0<D®t££ 
ftSUWfcfc'tfc^. P (s) ~1 

— GOEMOi^P (s) ocsTfeo 

A 3(") = ^ [lo8(27rn) + 7 - | 



— 16 s ©— #CfcJtfllLT^S. 

[0123] — z\^2<Dmmmm(Dm^mm 

£#5«§^r = l£01 8i5J:tfEll 9 tC^To 
i^LTff <f£^\ Poisson M*6GUE (Gaussian 
unitary ensemble)#:hi^<h^{bLT<^5o uOGUE 

[0 12 4] 
[&3 0] 



(31) 

+ 0(s~ l ) 7 02) 



[0125] 0 , s ~ 0 (Dffi^Ttt, P ( s ) oc s 
2 ifcoT, «fc0»<P (s) ©ffl>5<aiiMSftT»r>*. 
fiE-^T. SBH43Fffi«*WA-r*C4:fc«fcoT, GUE» 

[0126] £©«t?&&na : f;&:*x©3g±*ai, 
- y * Mffl-r z> c <t nfl-v # -5 . 

[0 12 7] M&^m®m\3<D7 7t>?)l1£-&&<DM& 



te*tt*£LTMn£K-t:>4fUfc&©. GaAsT 
— flSKte. ^©^$#iqi&av\*ji^©S7ip 

[0 12 8] ^fC. Z\(D5£W<Z>?&3<DmmMmUZ-D^T 

mm?** z\<DW.z<r>mMMmzi$\,*x\*. 7?^^ 



(ID 



18379 



[0 12 9] 7?>7 9)V&&mt~ £HT©«fc3te:LT. 
[0 13 0] (1) y^i7^)V<D^ 

y ? t> ? jKDwmtwi i <Dnffimm<D <n iisi^i-L 

TfTPo a = 0, 1, 2iU n= 1 0 0 0 OOy?? 
1 3i5cfcy® 1 4JC7nTo il2IJa=0, Ell 3«a 

r P — ( t »,l>> l I*»> l 3j>) G 7*n 



= 1. m\ 4\ta=2(Dm^\zmmt^>o m*ttaiz-3 

t>T. ScfflE •> 5 n. U- -> 3 > lc J; 0 tf ■=> ftifc 7 7 ^ ? 

[0 13 1] (2) 77i'^M©lf« 

(1) T£*$n/i7:7^;U±lC«T*££e^„ 

[0 13 2] 
[&3 1] 

(33) 



[0 13 3] £*S-*.£o £Z£U 



n+ 1T'^. 

[0 13 4] 
[&32] 



P= 1 , 2, • • • , 



[0 13 5] 
[0 13 6] 
[SSC3 3] 



,<T> 



[0 13 7] IfitfWtLO. ZZ.T\ Z.(Dm^<DW- 

[0 13 8] 
ffi34] 

* = « E + u E 

[0141] *^ttis»LTv»«-y--f Mw©*T»»-r 



5et*STtSt>Oi:U A pq £. LT 



m 1 o 



when )r p — r,| = 1 
olhwisc 



[0 14 3] ^gSffl-TS, j #§©+M hCDXf 

[0 1 4 4] 
[&3 7] 

[0 14 5] i^-ODlD 
[0 14 6] 
[»3 8] 

[0 14 7] VIST'S. 

[0 14 8] $T« »JE^«J->Ha*S«-r*ft:* 
[0 14 9] 



(34) 



[0 13 9] IJOTTtiSftS. 
[0 14 0] 
[»3 5] 

(35) 



[0 14 2] 
[SSc3 6] 



C*3 9] 



(36) 



K — H — fiN 



[0 15 0] £^AT-2>o fcrtfU 
[0 15 1] 
[S!c4 0] 

^ = E i n j ■ 

[0 15 2] Tfe-So dd-CPp^<i:-r-5)A-7 7^;l/K 

[0 15 3] 
[I5C4 1] 

1) (37) 



[0154] 

[0 15 5] 
[IS4 2] 



[0 15 6] £ 
[0 15 7] 



(12) 
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[»4 3] 



4> 



~t - -t - 



(38) 
(39) 
(40) 
(41) 



[0 15 8] »c«fcoT£*UT*<. ^-A-Sn^ifaSC^ 

[0 15 9] 

[&44] 

(4;fl> = - I" dr{T T A{T)B)< 
Jo 

[0 16 2] *>1M h^'J->HBS 

[0 16 3] 

[0164] \m\zmm-?&z>o -tnt*. ^s^ac** 

- £ ImG,>(« + i5) 

<r=t.l 

[0166] at-tM h j 

[0 16 7] 

[0 16 8] *«*<Z>tt!BSB!Kt34SA»€.T**. 
flW**»«trtW*«^. 5 = 0. OOOlSfflW 

[0171] fc«tossns. *>im h^u-> 



[0 16 0] IC»U r *S^|HJi:bTjlft yj->i 

[0 16 1] 
[»4 5] 



(42) 



[|Sc4 6] 



[0 16 5] 
[R4 7] 



[R4 8] 



(43) 



(44) 



(45) 

[0 16 9] *0dU*IH»EJB«. J\-f-V>*VUfl3W& 
[0 17 0] 
[»4 9] 



(46) 



[0 17 2] 
[S5 0] 

«wa{c,>;4) = 1 + ' H Vita.*; + y<4-* £ j>; £ L> 



(47) 



[0 17 3] jj^sns. ST. Gros»Cft^£TF©ifi<H 
St^AT^ (( )C.Gros,Phys.Rev.B50, 7295(1994)) . [0 17 4] 



(48) 



[0 17 5] ©»i$i6itLTiAt^ Cin«, & 
RjfcTC^-T-^© t # fc -S <h © Z. Z 

2 

[0 17 7] &£U 
[0 17 8] 



[0 17 6] 



[fc52] 

(ion. - t 2 r^)G j>0 = i + £(4-fr>; 

[#5 3] 



(49) 



(50) 



(13) 
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co 1 7 9] zmALfc %*>ntt&m<izte. 

[0 18 0] 
[&54] 

6 p 

+ * D {rf;!-^.*; cj,,). (5 1 ) 



[0 18 1] sw^s^bjs***. £©M£g5£te/\ 

[0 18 2] 
[»5 5] 



[0 18 3] uCTJJt, Gros©gii£##lC [0 18 4] 

ififiS#AT5. [&5 6J 

Gpj,—Ziy, -» - <G ft— • (4— s>) (52) 

(<f,>«q^; cj i<r > -» «3,, < ,(<f>,-aC, > ; c]„) (53) 



[0 18 5] t^5ItiATJ55. ^CD@#mA^ff [0 18 6] 

■5££fc«fc»). WTOH CttUitfimZtltz. [&5 7] 

(*- ~ '' r '-) G " " ' + g - wf - ^r— (34) 

[0 18 7] ^iT«Xtf>CDfe#ffii^:^fc©i-r [0 18 8] 

-So OltO. [|Sc58] 

G i.\ - G i,\ (55) 



[0 18 9] LT«TOfW*ff 3. 

[0 19 0] »ttfrJ¥fc«fc0»SnfcttlB$&*0 2 0 
tC^To »:R:75i'*;l'£LTn= 1 0 0 0 1 it-f h£ 
ffl^Aco £<D£rgTW:, t = l, U=12$1K a = 

0, 1, 2tLfe. A*>F^fe&tC#gtLT:fcO, fcffi'J 
*«T*|/Vt— KA> K (Lower Hubbard band) , *^*Ji 
<MAA*- bV\*> H (Upper Hubbard band) T&-5o Tfl'J 
A/\- h*A*> H©*iJttfT»fcSft. &&BB«D«ffi?B 
SHfOOf©*^?/ hAA— ^ h 
A A- F^-v -y ^ifi»©««*JfcfeUfct>CD*«H 2 IT 

10 . h/vt-K^irv^JWMOLT. 

ffi&g^LT&c:?. t = 1 « a=liLT. U = 
4, 8, 12, 1 6£&itZHfz ! b<D&m2 2T&-5. 

* «fc 0 * tJfc#ffi©*KBj&* S fcS t>©T*S. 
[0191] t = l. n=1000 1 tltU &ffiir 

U U=2, 4, 8, 1 6 Llstz%<D&m2 3 IC^T. 

U=8£U a = 0, 1. 2 .hLfcfcrot 1 0 0 
0 1+r-r hcDH^TC^ (3 D-bal DTCDi^^^SI 2 4 1C 
tkT. 12 5(1 a=0, 0. 2, 0. 4, 0. 6, 

1, 2ICMU U^a«£W«C^t$-B-T7N/N*-K^V-y 



^Sr^n-y hLfcfeCDTS)^). 12 68. |SI«(Ca = 
0, 0. 2, 0. 4, 0. 6, 1, U£^jt 

■f- LT. ■?-<£>Bg| , MtU c #afc<fc?)ft!lffll£ttTlr>*. 

[0192] a-7 • ^^ji/Hoa^ftfcBsanfc 
[0193] a-7 • juKo^ffiacwaEsnfc 

81C^T. CICT. El 2 8 AtttffiBk 0 2 8B«*f 

[0 19 4] 12 8 1:^91;, u©77i'^;i'^ 
iiGaAs*^a5GaAsiTF'yhlH 
377^MKfc:ffigU -^n^ ilAlGaAsl2l; 
«t0Hi;ii«i>fc«lit6*r-r*. ZZX\ GaAsifF 

-5. 

[0 19 5] £©5fiW©*i6»aSfc:o#A#«»;: 
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[0 19 6] 

mmzmm-t^^iiiz^D. m^nt>u^xh, m& 
®zfflm-?z>z.t.tfx%z><, ^lt, z.v>m&&*mm 
hxmmm. =t o -®wtctt«#B$as£f? ? - tan? 

a\ztthx'<%t>ntz.7 7>7 5>)v&7zi>t &mrm&mx 
[0 2 ] ^©^b^w^ i (Dmmwmzioitz-ATtHM 

±#yy : E7 : Mz^T<DWLm£Mik£<DM& : £jnTm 

[03] z\<nmmw,i<n$m.wm\z&rtz>v]®.±jEg' 

[04] Z.(D%m<Dm 1 »*»^lC*Jtt^)H^7CJ*Ji 

TSyy^Mz^T<Dum.tmikh<DM%tt-r$&m 

[0 5 ] Z(D^BM<Dm 1 ©*JS^tCi5tt^,H^7C^± 

[0 6] z.^mm(Dmi<Dmmmmiz^^N=2-( *j 

X&Z>o 

[0 7] Z.(D5£W(Dmi (D^mMm\Z^^N=Q^^ 

>¥^Mz^x<»^m.hmitt<»m%*m-rm®.m 

[0 8] Z.<n9£BMomi (DmMBmiZ$H-f2>N= 1 2< 
[0 9] i©^aj©m 1 ©SSgmSltciJCtSIEAB^^ - 
[010] 1 ©H«ffiUc*5tt&IE^-t-ffi 

=tmz-o ^x<Dum tmit tcDmm&^-rmumx 

[011] Z\<DmA<Z>?gl ©HM^CDa^J€r^TBS 

[012] d©^W^2cO*ig^^*3^Ta = 0 t 
LTn= 1 0 0 0 0 coy ? 7 ? )lf$&$:ft-?xm£>nfz 

mvtyy ? $> fr&ttmmmx&z. 
[013] z.<Dmn<D'm2(D^m.mm\zii^xa= 1 1 

LTn= 1 0 0 0 0©:?5i7^;P/£fi£fToTf#£>n;t 
^ i7 ^;i/€r^Tf8§^0T-*S„ 



[014] z\<Dmn<D^2<nmmmm\z^xa=2L 

LTn = 1 0 0 0 0 (D7 7 f $> )H$.&&ft-oXm*>tltz 
ffiViy : 7P5>)l$:m-rffi%kmx$>Z><. 
[015] Z\<DmA<D^2<Dmffi.BmiZ&^xn7*- 

? aizMLxm^nrzyyi7^jyA7iB l z*k-?mmm 
x$>z>. 

[016] z.(Dmn<n , m 2 onm&miz&^x r = 0 x 
<nmTmw.mwc^^mmx$>^ 

[017] £©fSBJ5©Sg 2 ©USSJgHK&^T r = 0T 

[018] z.(Dmn<D^2<nMmmm\zio^xr = it 

©»^fe^t1-^^rBS^0T-feSo 

[019] iLOfiBJCDfg 2 <D*ifi^MtC*3ViT r = 1 T* 
©M^«Kfh£^lgi§!g0T&£. 

[020] z\<Dm\<D%iz<DmmBm\z$s^xWLmmw 

tC=t D»£nfc^£«*Tfl88S0T&3o 

[02 1] 02 O^tetttty K/NA*-H^^-yyjfi^ 
Ol«Jl£± LT*-rBS^0T^)So 

[022] z.<Dm\v>mzv>nffiMm\z&^xt = \. 

n=1 0 0 0 1, a= 1 tC@;£LTU£4. 8, 12, 

i 6 t.mtzi±tz£%(Dvm®i&<»mk*K-?v&mmx 

[02 3] Z.<D%W<D&3<DmMBm\Z$>^X t = 1. 
n = 1 000 1, 0 = 11:1^1^*2, 4, 8. 1 
6 t^<t:$ii-/c:<i:*CD^^K©^l:**-rB§^0-C ; a& 
S. 

[024] £©fSBJ!©fg 3 <73HSS^ICl*5^TH^7Ci* 
KOUT t = 1 , n= 1 0 0 0 1 , U=8fCffl^LTa 

*o, i, 2<h^b$-a-fct^cDttsi^a©^k*^-r 

B§^0T^So 
[02 5] ^©^BJ©m3CD*M«ffilr*J^Tt = l. 
n=1 000 1, U=4tcH^LTa*0. 1. 2 tM 

<tz ittz t %(D#;m®m(vmt&m?mmmx&2>o 
[026] z.<D^m<D^3<Dmmmmtz^x t = i» 

n=1 0 0 0 1l:l^LTa = 0, 0. 2, 0. 4, 

o. 6. i, 2 \z-o^xv^mm&3izmt^rzt^<D 

aa*— K^v >y 7 F ©^{b€r*-riii§^0T^-5 <> 
[02 7] Cl©^Bj©m3©ftS6^(C*5^T t = 1 . 
n=1 0 0 0 1l:i£LTo = 0, 0. 2, 0. 4, 
0. 6, 1, 2»CO(riTU*aettflSH:«fb*-ttfci:#<Z) 

[02 8] £©fS91©&3©*M^aB©IW«*STO 

mmxtbz>. 

1 • • • SftStttttW*©^ . 2 • • • sis, 3 • • • 

fh 1 1 • • • G a A s mT Ky K 12 • • • ilA 
1 G a A s 



# 
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ran 



a D f 

0.0 2.91 

0.4 2.79 

0.8 2.54 

1.2 2.25 

1.6 2.21 M 

2.0 2.16 i 



1 

0.8 
0.6 
0.4 - 
0.2 - 
0 



[El 2] 








\ \ 7V=: 
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i i i 





0.5 1 



1.5 
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42 
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0.8 
0.6 
0.4 



[03] 
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[El 8] 



[09] 



N=\2 *rrJU 



m 





0 0.20.40.60.8 1 1.21.41.61.8 2 

a* 



[HI 0] 



[min 




,3 If 




mi s] 



2 *<5 



[Ell 6] 



0.0 2.910 

0.2 2.897 

0.4 2.790 

0.6 2.577 

1.0 2.450 

2.0 2.164 



1 

0.5 

0 
1 



K 0.5 



0 

1 

0.5 
0 



' 0=0.0* 

TV 


' ot=0.6 

TV 


o=0.2 

TV 


i 0=1.0" 

A\ ■ 


- . Poisson 

^ o=0.4 

v.. 


\ o=2.0" 



4 0 

s 
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Ml 2] 



a =0, n= 10000 




1 7] 



1 8] 




1 

0.5 

0 
1 





• /N ' a=0.6 

M ■ 




•. /\ a=1.0 

/ — — -, 


- . Poisson 

a 


\ /'\ ot=2.0 
\\ .GUE . 

» y*T3 



4 0 
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